Introduction: Infection from Hepatitis B primarily results from peri-partum vertical transmission and the risk increases in the presence of hepatitis B e antigen. We aimed to evaluate a new screening program for hepatitis B in pregnant women as a component of antenatal services in a marginalized population. Methodology: Counseling and screening for hepatitis B screening was offered to all women at the first visit, at Shoklo Malaria Research Unit (SMRU) antenatal clinics on the Thai-Myanmar border. Point-of-care rapid diagnostic tests (RDT) were used throughout the period of evaluation. A certified Thai Public Health laboratory at Mae Sot Hospital verified RDT positive cases using enzyme-linked immunosorbent assay (ELISA) for HBsAb and HBeAg. Risk factors for hepatitis B were identified by data linkage to antenatal care records. Results: There were 523 (8.5%) RDT positive for HBsAg among 6158 women tested (Aug-2012 to April-2014). Of these 373 (96.9%) of 385 sent for confirmation were positive by ELISA i.e. RDT false positive rate of 3.1% (95% CI 1.7-5.4). The overall confirmed HbsAg prevalence was 8.3% (511/6158) (95% CI 7.6-9.0). HBeAg prevalence was 32.7% (114/350) (95% CI 27.9-37.7) of cases tested. Risk factors for HBsAg positivity included age > 25 years (OR 1.24, CI 1.03-1.49, p 0.021) and Karen heritage (OR 1.73, CI 1.39-2.15, p < 0.01). Conclusions: High hepatitis B seroprevalence amongst migrants and refugees accessing SMRU antenatal services likely reflects that of Kayin State, Myanmar, and perinatal prevention programs are required. False positive cases with HBsAg RDT complicate what is theoretically a straightforward screening.
Introduction
An estimated 2 billion people are infected with the hepatitis B virus. Prevalence varies considerably throughout the world and is highest in sub-Saharan Africa and Asia. It is the 10 th leading cause of death worldwide, with mortality attributable to long-term sequelae, namely liver cirrhosis and hepatocellular carcinoma [1] . South-East Asia is considered an intermediate to high hepatitis B endemic area, with prevalence of up to 10% [2, 3] . Although the prevalence in South-East Asia is decreasing [3] , pockets of high endemicity remain in high risk groups and migrants from areas with high prevalence [4] .
Perinatal transmission of the hepatitis B virus accounts for up to 50% of disease spread. It is well documented that the earlier in life a person is exposed to the hepatitis B virus, the more chance there is of progression to chronic hepatitis B infection and long term consequences [3] . The mechanisms of transmission from mother to child include placental leakage and exposure to blood and secretions during delivery. The risk of transmission is greater in the presence of hepatitis B e antigen (HBeAg) or high viral loads. Infection rates are as high as 85-90% when HBeAg is present, compared to 5-31% when only hepatitis B surface antigen (HBsAg) is present [5] .
The risk of perinatal transmission can be significantly reduced with hepatitis B vaccination and immunoglobulin administered soon after birth. The use of hepatitis B vaccination alone in the neonatal period has been shown to be effective and hepatitis B immunoglobulin used in conjunction with hepatitis B vaccine decreases transmission further [6] . Hepatitis B control programmes, including vaccination of newborns, could reduce deaths related to hepatitis B infection by over 80% [7] . Despite development of vaccination programmes and overall reductions in prevalence, infections rates remain high in populations with poor access to healthcare [3, 8] .
This descriptive research aimed to evaluate a new screening programme for hepatitis B as a component of antenatal services to determine seroprevalence and risk factors amongst the pregnant women population, consisting primarily of refugees and migrants mostly from Kayin state, Myanmar, with a view to programme improvement.
Methodology

Setting
Shoklo Malaria Research Unit (SMRU) has jointly conducted research and provided humanitarian health care for refugee and migrant populations on the north western border of Thailand, neighboring Kayin State, Myanmar. Free antenatal care and birthing services can currently be obtained at three sites: two migrant sites including Wang-Pha (WPA) and Mawker Thai (MKT) and one refugee site known as Maela (MLA) camp. Health care vulnerability amongst refugee and migrant populations remains in a protracted state in this area. Refugee camps were established in 1984 and SMRU started to offer free antenatal and delivery care in 1986. In migrants the antenatal care services commenced in late 1998. Health care issues amongst migrant workers in Thailand and ASEAN are recognized [9] and in Tak Province with a large presence of registered and unregistered migrants, described for certain infectious diseases such as malaria [10] and tuberculosis [11] and pertaining to reproductive health care [12] .
Hepatitis B was recognized locally as a problem from cross-sectional surveys conducted in February 1998 by SMRU in MLA using population census data. In this survey that controlled for age, sex and section of the camp a venous blood sample was tested for HBSAg using Hepatitis B STAT-TEST (Immuno-Chemical Lab Co. Ltd, France) a kit based on direct monoclonal chromatographic assay. In 387 samples 14.5% (56) were HBsAg positive with 16.7% (17/106) (95%CI 10.2-24.3) in females of 15 years and over. Following this survey the main health provider at the time, Médecins Sans Frontières, pledged to introduce newborn Hepatitis B vaccination for the refugee population and this was established 1999 and has been continued ever since.
Participants
All women attending antenatal clinics from August 2012 and April 2014 were offered screening for hepatitis B after counseling about the disease. The hepatitis B test was offered at the same time as the HIV test which has a low prevalence and high test uptake in this setting as described previously [13] . Attendance at antenatal care is voluntary and uptake is thought to be high as the two organizations providing maternal and child health rarely identify infants born to mothers who have not attended SMRU antenatal care. In the migrant population attendance and delivery has continued to increase in part because access in rural areas to maternal and child health services provided in Karen and Burmese language are limited.
Record linkage
Demographic information was extracted from the antenatal care records, including ethnic group, number of marriages, history of receiving a blood transfusion at any time, and length of residence at current address. This data was matched to laboratory data of hepatitis B status.
Laboratory methods
Initial screening was performed using the One Step Bioline Hepatitis B Surface Antigen Test Strip rapid diagnostic test (Pacific Biotech, Thailand). At programme start up the point-of-care RDT was thought to be sufficient. However, at one of the sites during routine screening for blood donation of a SMRU staff member (who often respond to calls for urgent blood donation where no blood bank is available) complained that her status had changed from negative to positive. Confirmation at the local hospital in Thailand determined this to be a false positive RDT result. From this point all RDT HBsAg-positive cases for pregnant women were verified using the HbSAg electrochemiluminescence immunoassay (ECLIA) on Cobas e immunoassay analyzer ((Roche Diagnostics, Indianapolis, USA) conducted independently at the local tertiary referral provincial hospital in Thailand. This assay has been CE marked according to Directive 98/79/EC. The same laboratory carried out HBeAg electrochemiluminescence immunoassay (ECLIA) on Cobas e immunoassay analyzer ((Roche Diagnostics, USA) to confirm the presence or absence of carriage.
Statistical analysis
Data were analysed using STATA version 11. Demographic information was compared using the Chisquared test for categorical variables and the Student's t-test or Mann-Whitney-U test for continuous data.
Potential risk factors for HBsAg positivity were analysed using univariate logistic regression. Multivariate logistic regression was performed for significant or near-significant variables (p-value < 0.1) identified by univariate logistic regression. The variable parity was excluded from the multivariate logistic regression model because of collinearity with age.
Ethics
Retrospective review of anonymized data from antenatal records was approved by the local Tak Community Advisory Board and the Oxford Tropical Research Ethics Committee (OXTREC 28-09).
Results
A total of 6176 pregnancies were seen by SMRU staff during the period described. A result for HBsAg was not available in 18 cases and these were excluded from further analysis. Reasons for failure of screening included women presenting late in their pregnancy with complications requiring urgent transfer, women leaving directly after antenatal ultrasound before blood could be taken, and women presenting with miscarriage going straight to the delivery room. Demographic information for women at each site, was summarized ( Table 1) .
The 114 women who attended for more than one pregnancy during the screening period did not change HBsAg status as tested by RDT. These women were only included for their initial pregnancy. HBsAg rapid diagnostic tests were positive in 523 (8.5%) of the 6158 included cases.
Prevalence of HBsAg and HBeAg
HBsAg RDT results were sent for confirmation for 385 (76.1%) positive cases. ELISA confirmed HBsAg positivity in 373 (96.9%) but provided a negative result in 12 (3.1%). Hence, the RDT false positive rate in this setting was 3.1% (95% CI 1.7-5.4).
HBeAg testing was requested in 350 (97%) of the 385 HBsAg RDT positive cases and was positive in 114 (32.6%) of these. Missed requests were due to a misunderstanding at one site on the tests to be checked on the request form for the public hospital.
To determine the overall prevalence the 12 false positive results were counted as negative giving a total HbsAg positive count of 511 in 6158 women and a prevalence of 8.3% (95%CI 7.6-9.0%). The HBeAg prevalence was 32.7% (95%CI 27.9-37.7%).
Factors associated with hepatitis B in pregnant women
Factors identified by univariate logistic regression to be associated with HBsAg RDT positivity were maternal age of over 25 years (OR 1.22, CI 1.02-1.47, p 0.032), having refugee rather than migrant status (OR 1.32, CI 1.10-1.57, p < 0.01), multigravidity (OR 1.29, HBeAg carriage was associated with lower maternal age. The proportion of HBeAg positivity in Karen (88/254, 34.7%) was higher than in non-Karen (26/93, 28%) ethnic groups but was not significant (P =0.240).
Discussion
HBsAg prevalence
We have identified a high hepatitis B surface antigen seropositivity among pregnant women on the Thai-Myanmar border. The overall HBsAg prevalence in this population is higher than recent estimates for South-East Asia as a whole [3] but similar to estimates of nearby regions [4, 14] . It has previously been shown that the prevalence of hepatitis B infection is higher in men than in women [3, 4, 14] . Therefore, it is likely that the overall prevalence in the population of migrants and refugees on the Thai-Myanmar border is even higher. These findings are consistent with previous reports of high HBsAg positivity in migrant workers from Myanmar [8] . Although not directly comparable the rate current rate in pregnant women of 8.3% (95%CI 7.6-9.0%) is lower than observed in females aged 15 and over in a former cross-sectional survey conducted in Maela camp in 1998: 16.7% (95%CI 10.2-24.3). This may reflect some success of the newborn vaccination programme which commenced in 1999 and also the lower rate of HBsAg positive in those less than 25 years of age in the current survey. The camp population is not stable making an evaluation of the programme difficult without actually testing for hepatitis B infection in young infants.
In the 375 RDT positive cases that were verified using ELISA, we found an RDT false positive rate of 3.1%. Studies estimating the sensitivity and specificity of the Bioline HBsAg RDT have reported specificity of 100% and sensitivity of 97.95% and higher [15, 16] . Factors affecting the accuracy of rapid diagnostic tests for HBsAg include the geographical region of the sample source and the concentration of HBsAg in the sample [17] . We are unable to comment on the sensitivity and specificity of this test in our population because of the limitations of only confirming the RDT positive cases. In order to screen potentially infectious blood donors false positive results are acceptable but in order to counsel a person that they a potentially life long infection and risk transmitting the infection to the infant, this rate of false positives is unacceptable. In addition, it was detected incidentally: staff, former blood donors were asked to donate blood in an emergency and were upset when they learned they were HBsAg positive when they were previously negative, a requirement to be a blood donor. Confirmation of their status by the local provincial hospital confirmed the false positive rapid diagnostic test and this serves as a reminder of the limitations of the RDT.
HBeAg prevalence
The proportion of HBsAg positive women who also tested positive for HBeAg 32.7% (95%CI 27.9-37.7%) is comparable to previous estimates in South-East Asia [3] . These represent pregnancies with the highest risk of perinatal transmission and should be the target of interventions aimed at prevention of transmission. This programme evaluation has led to the implementation of newborn hepatitis B immunologlobulin for HBeAg positive cases.
Risk factors for HBsAg seropositivity
We found Karen ethnicity to be an independent predictor of HBsAg positivity. Variations in prevalence by ethnic group have been demonstrated in similar populations [14] . This finding is important in order to prioritize public health interventions to target the most at-risk groups. Further population-based studies of hepatitis B prevalence in Myanmar are needed. This high prevalence in this Karen population is probably explained by the absence of immunization programme in the refugee camps and in their places of origin (Myanmar).
Other potential risk factors assessed, including the receipt of blood transfusion and having had more than one marriage (a surrogate for number of sexual partners), were not found to be associated with HBsAg positivity. This suggests that the majority of transmission in this population is vertical. A limitation of this study is lack of information regarding the use of intravenous drugs. We suspect intravenous drug use to be low in this population, where intravenous drug abuse is culturally unacceptable and heavily punished [13, 18] .
Conclusions
This is the first study to assess the prevalence of hepatitis B in the pregnant population on the Thai-Myanmar border. We have found a high prevalence of hepatitis B seroprevalence and significant risk factors include having either parent of Karen ethnicity, having refugee rather than migrant status, and having had one or more previous pregnancies. Despite introduction of the vaccination programme 15 years prior a high proportion of pregnant women are chronic hepatitis B carriers and efforts to reduce perinatal transmission with, for example, anti-retrovirals during pregnancy should be considered marginalized populations where population movement and remoteness may have limited the effectiveness of vaccination programmes.
